maintained on agar slants of a galactose-glutamic acidmineral salts medium, were inoculated into 250-inl Erlenmeyer flasks containing 100 ml amounts of a soya peptone-glucose medium. After incubation on a rotary shaker at 28 C for 2 days, the cellular growth was harvested by centrifugation (10 min at 1500 rpm), washed twice with and finally suspended in 100 ml of sterile physiological saline. One ml of this suspension served as inoculum for each flask of experimental media. These flasks were then incubated on a rotary shaker at 28 C.
Mledium for growth of inoculum. Soya peptone, 20 g; glucose, 10 g; tap water, 1000 ml; at pH, 7.4 to 7.6.
Basal medium for nutritional studies. K2HPO4, 1.0 g; MgSO4 7H20, 0.025 g; ZnSO4 7H2O, 0.025 g; FeSO4-7H20, 0.025 g; CaCl2 2H20, 0.025 g; distilled water, 1000 ml; at pH, 7.2 to 7.4.
One-hundred-ml amounts of medium were distributed in 250-ml Erlenmeyer flasks and sterilized. The carbon source, unless specified, was sterilized separately and added just prior to inoculation; the nitrogen source always was in-cluded with the basal medium.
Determination of actinomycin potency. Determination of the potency of culture filtrates was carried out by a paper-disc method of bioassay developed for actinomycin (Goss and Katz, 1957) . Three ml samples collected at vxarying time intervals from each of three flasks of an experimental medium were pooled and filtered prior to estimation of their antibiotic titer.
Determination of mycelium dry weight. When a comparison was made of the utilization of glucose and galactose for actinomycin synthesis, three flasks of each medium w^ere removed at daily intervals for the collection of mycelium. This was accomplished by means of suction filtration on a Buchner funnel through dried and tared Whatman no. 2 paper discs (5.5 cm).
Both the mycelium and discs were then dried at 90 to 100 C for at least 24 hr before final weighing.
Sugar determination. The procedure of Folin and Malmros (1929) was employed for the determination of residual glucose or galactose present in the medium.
Determination of percentages of components in an actinomycin complex. After the study of various Lamino acids as nitrogen sources, the actinomycin produced in each case was extracted from the medium and mycelium with butanol. Distillation in vacuo re-moved the butanol, and the actinomycin residue was then dissolved in a small volume of acetone.
Separation of the components in an actinomyciii complex was accomplished by means of a modification of the circular paper chromatographic technique of Roussos and Vining (1956) . A filter paper disc (Whatman no. 1, 32 cm diameter) was impregnated by dipping it in the aqueous phase of the solvent system, di-n-butyl ether-S-tetrachloroethane-10 per cent aqueous sodium ortho-cresotinate (3:1:4), and excess moisture was removed between fresh filter paper. The actinomycin samples were applied in acetone solution from a capillary pipette to segments of a small circle drawn around the center of the filter paper where a thin cotton wick was attached. The paper was placed upon an open desiccator (29 cm diameter), which contained the organic phase of the solvent system in a convenient well, and covered with the top of the desiccator. T'he chromatogram was allowed to develop (12 to 18 hr) until the outer actinomycin zone approached the glass rim. With this system it was possible to separate an actinomycin complex into several distinct components. Determination of the percentages of components in an actinomycin complex was carried out by the method of Goss and Katz (1957) . Only D-galactose proved to be excellent for actinomycin formation; most of the remaining carbohydrates wvere found quite poor in this respect. It was observed, however, that the majority of these compounds supported abundant cellular growth of S. antibioticuts. It was reasoned, therefore, that these sugars might be consumed so rapidly for the production of cell material that little would be available as carbon and energy source for actinomycin synthesis. Galactose, on the other hand, might be utilized less rapidly and, therefore, would be available for actinomycin production.
RESULTS

Carbon
To test this hypothesis, the following experiment was performed: A series of flasks containing 0.2 per cent L-glutamic acid plus the basal mineral salts were treated so that one-half received 1 per cent glucose and the other half 1 per cent galactose. The flasks were inoculated with cells of S. antibioticuts 3720 and incubated as previously described. Aliquots wTere removed daily for determination of mycelial dry weight residual sugar, and antibiotic titer.
It was observed (figure 1) that both glucose utilization and production of mycelium were rapid. After incubation for 6 days, lysis of the culture had begun; this was correlated with a near exhaustion of glucose in the medium. Actinomycin production did not occur until the 6th day and a final titer of only 27 ,g per ml was attained. On the other hand, the consumption of galactose and the growth of mycelium proceeded at a much slower rate (figure 2). Actinomycin synthesis began on the second day and reached a final level of 136 ,g per ml. (3) Organic acids. Dulaney (1949) has reported that organic acids are poor carbon sources for streptomycin production when used alone. Saunders and Sylvester (1947), Hubbard and Thornberry (1950) , and O'Brien et al. (1952) found that the use of a combination of glucose plus the sodium salt of an organic acid produced streptomycin yields greater than those obtained when either of these compounds was added singly. 
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Galactose (control) 120 An experiment was performed to determine what effect certain organic acids alone or in combination with galactose might have on actinomycin production. The results shown in table 3 reveal that the organic acids as sole carbon source were totally unsuitable for actinomycin production either at the 0.5 or 1 per cent level. When supplied at a 0.5 per cent level in combination with 1 per cent galactose, the organic acids, with the exception of citrate and lactate, depressed actinomycin synthesis.
Nitrogen sources. The medium consisted of the basal mineral salts plus 1 per cent galactose. Inorganic nitrogen compounds were tested at a 0.1 per cent level; amino acids were employed at a concentration which would contain 190 mg alpha-nitrogen per L.
The results obtained revealed that both potassium and sodium nitrate (90 to 100 ,ug per ml) and sodium nitrite (86 ,ug per ml) were good sources for actinomycin production, whereas ammonia-nitrogen as the nitrate, chloride, sulfate, or phosphate was unfavorable (0 to 10 ,ug per ml).
Data presented in table 4 show that many of the L-amino acids were excellent sources of nitrogen for actinomycin production. When alanine, ,B-alinine, aspartic acid, citrulline, glutamic acid, serine, or valine was employed, yields of 100 jig per ml or better were obtained.
A number of D-amino acids were also tested as nitrogen sources for actinomycin production. These were Influence of nitrogen source on the composition of an actinomycin complex. Previous studies have shown that the composition of an actinomycin complex depended to a considerable extent on the nitrogen source supplied the producing organism Goss and Katz, 1957) . However, relatively few nitrogenous compounds had been employed in these investi- Employing a modification of the circular paper chromato- To determine the optimum level of dibasic potassiumii phosphate for actinomycin production, various concentrations (0 to 5 g per LJ) were tested. Production of actinomycin reached maximum levels (125 to 150
,ug per ml) over a wide concentration range of K2HPO4
(0.25 to 3 g per L). Thus the level of K2HPO4 previously employed (1 g per L) was maintained in further studies.
The effect of the magnesium sulfate concentrationi (0 to 5.0 g per L) on actinomycin formation was also examined. A level of 0.025 g per L MgSO4 7H20 was found to be optimum (table 5) . Since a wide concentration range of sulfate-sulfur can support good growth and actinomycin production, the effect observed was due to the concentration of Mg++ ions present in the medium.
To determine the requirement of S. antibioticus 3720 for certain trace metals for actinomycin production, combinations of zinc, iron, and calcium as their sulfates were incorporated into the basal medium at 0, 0.1, 0.5, 1, 3, 5, and 10 ppm each. The concentration of these three metals in the basal medium served as control. Maximum yields of actinomycin (141 ,Ag per ml) occurred when a combination of zinc, iron and calciunm at 5.0 ppm each was employed. More extensive investigations are in progress to elucidate the role of trace metals for actinomycin formation and growth of this organism. 0.100 9.6 0 DISCUSSION If production of an antiobiotic is due to de novo synthesis rather than the result of lysis and enzymiatic breakdown of certain cellular constituents, an essential requirement for such synthesis would be an adequate energy supply during the production period. One would expect that a carbon and energy source which had been completely utilized during growth would prove unsatisfactory for subsequent antibiotic production; conversely, a compound which is only partly consumed during cell growth should be much more suitable for antibiotic formation. In the case of penicillin synthesis, for example, lactose was found to be more suitable tharn glucose because its utilization by Penicillium chrysogenum was much slower than that of glucose during the phases of growth and antibiotic production (Koffler et al., 1945; Jarvis and Johnson, 1947) . Lactose, in the case of penicillin synthesis, and galactose, in the case of actinomycin formation, were found suitable carbohydrates because of their ability to serve the needs of both cellular growth and antibiotic production. and Brockmann and Pfennig (1953) first observed that the nitrogen source supplied an actinomycin-producing organism quantitatively influenced the synthesis of the components in an actinomycin mixture. Goss et al. (1956) and Goss and Katz (1957) determined that variation in the composition of the actinomycin A, B, and C mixtures occurred frequently as a result of the use of different nitrogen sources for growth of certain actinomycin-producing organisms. They further noted that major as well as minor changes in the amount of a given component synthesized could occur under these conditions. Recently, Schmidt-Kastner (1956) has reported that new biosynthetic actinomycins could be produced when certain amino acids were added to growing cultures of an actinomycin producing organism. Our present data fully substantiate the results previously reported. Depending on the nitrogen source supplied to S. antibioticus, considerable variation in the percentage of every component in the actinomycin complex occurred.
The manner in which a nitrogen source influences the quantitative formation of the actinomycin components is unknown at the present time. It is not possible to say whether the effect is a direct one, that is, influencing actinomycin peptide synthesis, or an indirect one, by affecting the amino acid metabolism of the organism generally. Very little work has been done either on the amino acid metabolism of S. antibioticus or the biosynthesis of the actinomycins. An answer to the problem of how these two processes are related must await a greater knowledge of both.
